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Introduction {#sec001}
============

Hepatocellular carcinoma (HCC) ranks asthe fifth most common tumor and the third leading cause for cancer related death worldwide \[[@pone.0158347.ref001]--[@pone.0158347.ref004]\]. It is estimated that 21,000 new patientsare diagnosed as HCC, accounting for about 700,000 deaths every year \[[@pone.0158347.ref005], [@pone.0158347.ref006]\]. Despite several therapeutic advances in recent years, the 5-year survival rate of HCC is still low \[[@pone.0158347.ref007]--[@pone.0158347.ref009]\]. Increasing studies have showed that various antioncogenes or oncogenes are related with HCC metastasis\[[@pone.0158347.ref010]--[@pone.0158347.ref014]\]. Therefore, it is useful to understand the exact mechanisms to improve the diagnosis and therapeutic approaches for HCC.

Circular RNAs (circRNAs) are a novel class of noncoding RNA and represent a research hot spot in the RNA field\[[@pone.0158347.ref015]--[@pone.0158347.ref018]\].CircRNAs demonstrate high tissue special expression and stable structure\[[@pone.0158347.ref019]--[@pone.0158347.ref021]\]. CircRNAs regulate gene expression at the post-transcriptional or transcription all evel through interacting with other molecules or microRNAs\[[@pone.0158347.ref022]--[@pone.0158347.ref024]\]. Increasing studies have demonstrated that circRNAs play a crucial role in various biological processes such as cell development, proliferation, metastasis, fate decision,migration and invasion\[[@pone.0158347.ref020], [@pone.0158347.ref025]--[@pone.0158347.ref027]\]. CircRNAs are proved to be potentia lbiomarkers in many diseases especially in cancers \[[@pone.0158347.ref015], [@pone.0158347.ref017], [@pone.0158347.ref018], [@pone.0158347.ref028], [@pone.0158347.ref029]\]. However, the role of circRNAs in HCC remains to be elucidated.

Recent study showed that Cdr1as (also namedas ciRS-7) was theinhibitor and sponge of miR-7 in the embryonic zebrafish \[[@pone.0158347.ref019]\]. Ectopic expression of Cdr1as induced midbrain brain defects, which was similar with the phenotypes found in the knockdown of miR-7\[[@pone.0158347.ref019]\]. Cdr1as was demonstrated to act as a powerful miR-7 sponge/inhibitor in developing midbrain of zebrafish, suggesting a novel mechanism for regulating miRNA functions\[[@pone.0158347.ref025]\]. In this study, we showed that Cdr1as expression was upregulated in HCC tissues compared with adjacent non-tumor tissues. Knockdown of Cdr1as suppressed HCC cell proliferation and invasion. Moreover, knockdown of Cdr1as suppressed the expression of miR-7 and also inhibited the CCNE1 and PIK3CD expression.

Materials and Methods {#sec002}
=====================

Ethics Statement {#sec003}
----------------

All patients agreed to participate in the study and gave written informed consent. This study was approved by the ethical board of the institute of The Fourth Hospital of Harbin Medical University and complied with Declaration of Helsinki.

Tissue specimens and Cell line culture and transfection {#sec004}
-------------------------------------------------------

Total of 35 HCC tissues and adjacent non-tumor tissues were collected from patients who underwent surgery in our hospital between 2012 and 2014. None of thesecases received chemotherapy or radiotherapy before surgery. The characteristics of the patients are described in [S1 Table](#pone.0158347.s001){ref-type="supplementary-material"}.The cell lines were used in our study as following: Hep3B, HepG2, SMMC-7721, Bel7402 and HL-7702. The miR-7mimics, inhibitor and their control oligonucleotide, shCdr1as and its control was obtained from GenePharma (Shanghai, China) and transfected into the SMMC-7721cells using lipofectamine 2000 (Invitrogen, USA).

Real-time quantitative PCR analysis {#sec005}
-----------------------------------

Total RNA was isolated from tissues and cells using TRIzol (Invitrogen, USA) following to instructions. The expression of miR-7 and Cdr1as was measure by Real-time quantitative PCR (qRT-PCR). The following primers were shown: GAPDH, forward 5'-GACTCATGACCACAGTCCATGC-3'; reverse 5'-AGAGGCAGGGATGATGTTCTG-3'; CCNE1, forward 5'-GCCAGCCTTGGGACAATAATG-3'; reverse 5'-CTTGCACGTTGAGTTTGGGT-3'; Cdr1as, forward 5'-GTGTCTCCAGTGTATCGGCG-3'; reverse 5'-TACTGGCACCACTGGAAACC-3'; PIK3CD, forward 5'-AAATTTGAACGGTTCCGGGG-3'; reverse 5'-CCTCCTCTGTTTTCCCCAGT-3';

Cell proliferation assay {#sec006}
------------------------

CCK-8 analysis kit (Dojindo, USA) was performed to determine the cell proliferation. After cell transfection, cells were cultured in the 96-well plates (Biosciences,USA) for 0h, 24, 48 and 72 hours respectively. CCK-8 kit (10 μL) was put into each well and the absorbance wasrecorded at 450 nm.

Western blotting {#sec007}
----------------

Protein was isolated from tissues and cells using RIPA buffer. The total proteins was separated by using 12% SDS-PAGE (SDS polyacrylamide gel electrophoresis) and transferred into the PVDF membrane (Millipore, USA). The PVDF membrane was blocked with 5% milk and then incubated with primary antibody: CCNE1, PIK3CD and GAPDH (Abcam, USA). The membrane was detected using X-ray films by chemiluminescent reagents.

Invasion analysis {#sec008}
-----------------

The Transwell Matrigel (BD Biosciences, USA) was used to measure the cell invasion. The insert was coated with Matrigel and the cells were culture in the upper chamber while 20% FBS was put to the lower chamberas a chemoattractant. After cultured for 24hours, cells on the lower surface were stained, counted and photographed.

Statistical analysis {#sec009}
--------------------

Data was shown as mean ± SD and P\<0.05 was thought to be statistically significant. Student's t-test was used to detect the differences between two groups and ANOVA was used to measure the differences between more than two groups. The correlation between Cdr1as and miR-7 was measure by Spearman correlation test.

Results {#sec010}
=======

Cdr1asexpression was upregulated in HCC tissues and was inversely associated with the expression of miR-7 {#sec011}
---------------------------------------------------------------------------------------------------------

We demonstrated that Cdr1as expression was upregulated in HCC tissues compared with adjacent non-tumor tissues ([Fig 1A](#pone.0158347.g001){ref-type="fig"}). Cdr1as expression was upregulated in 74% (26/35) HCC tissues compared with their adjacent non-tumor tissues ([Fig 1B](#pone.0158347.g001){ref-type="fig"}). Moreover, miR-7expression was downregulated in HCC tissues compared with the adjacent non-tumor tissues ([Fig 1C](#pone.0158347.g001){ref-type="fig"}). Among them, miR-7 expression was downregulated in 66 (23/35) HCC tissues compared with their adjacent non-tumor tissues ([Fig 1D](#pone.0158347.g001){ref-type="fig"}). Interestingly, the expression level of miR-7 was inversely correlated with that of Cdr1as ([Fig 1E](#pone.0158347.g001){ref-type="fig"}).

![The expression of Cdr1as was upregulated in the HCC tissues and was inverse associated with the expression of miR-7.\
(A) The expression of Cdr1as was detected in the HCC tissues and adjacent non-tumor tissues using qRT-PCR. (B) Cdr1as expression was upregulated in the (74%, 26/35) HCC tissues compared with their adjacent non-tumor tissues. (C) The expression of miR-7 was detected in the HCC tissues and adjacent non-tumor tissues using qRT-PCR. (D) miR-7 expression was downregulated in the (66%, 23/35) HCC tissues compared with their adjacent non-tumor tissues. (E) The expression of miR-7 was inversely correlated with the expression of Cdr1as in the HCC tissues.](pone.0158347.g001){#pone.0158347.g001}

Knockdown of Cdr1as suppressed the HCC cell proliferation and invasion {#sec012}
----------------------------------------------------------------------

We found that Cdr1as expression was upregulated in HCC cell lines (HepG2, Hep3B, Bel7402 and SMMC-7721) compared with the normal hepatocytes (HL-7792 cells) ([Fig 2A](#pone.0158347.g002){ref-type="fig"}). We also confirmed that knockdown of Cdr1as could suppress the Cdr1as expression ([Fig 2B](#pone.0158347.g002){ref-type="fig"}). Knockdown of Cdr1as inhibited the HCC cell line (SMMC-7721 and HepG2) proliferation ([Fig 2C and 2D](#pone.0158347.g002){ref-type="fig"}). Moreover, inhibition of Cdr1as expression suppressed the SMMC-7721 and HepG2 cell invasion ([Fig 2E and 2F](#pone.0158347.g002){ref-type="fig"})

![Knockdown of Cdr1as suppressed the HCC cell proliferation and invasion.\
(A) The expression of Cdr1as in the HCC cell lines were measured by using qRT-PCR. (B) Knockdown of Cdr1as expression could suppress the Cdr1as expression. (C) Knockdown of Cdr1as expression inhibited the HCC cell line (SMMC-7721) proliferation. (D) The HepG2 cell proliferation was measured by CCK-8 assay. (E) Knockdown of Cdr1as expression inhibited the SMMC-7721 cell invasion. (F) The HepG2 cell invasion was detected by cell invasion assay. \*p\<0.05, \*\*p\<0.01 and \*\*\*p\<0.001.](pone.0158347.g002){#pone.0158347.g002}

Overexpression of miR-7 inhibited HCC cell proliferation and invasion {#sec013}
---------------------------------------------------------------------

We found that miR-7 expression was downregulated in HCC cell lines (HepG2, Hep3B, Bel7402 and SMMC-7721) compared with the HL-7702 cell ([Fig 3A](#pone.0158347.g003){ref-type="fig"}). The expression of miR-7 was increased after treated with miR-7 mimics ([Fig 3B](#pone.0158347.g003){ref-type="fig"}). Overexpression of miR-7 suppressed the SMMC-7721 and HepG2 cell proliferation ([Fig 3C and 3D](#pone.0158347.g003){ref-type="fig"}). We also found that overexpression of miR-7 inhibited the SMMC-7721 and HepG2 cell invasion ([Fig 3E and 3F](#pone.0158347.g003){ref-type="fig"}).

![Overexpression of miR-7 inhibited the HCC cell proliferation and invasion.\
(A) The expression of miR-7 in the HCC cell lines were measured by using qRT-PCR. (B) miR-7 mimic could increase miR-7 expression in theSMMC-7721 cell. (C) Overexpression of miR-7 inhibited the SMMC-7721 cell proliferation. (D) The HepG2 cell proliferation was measured by CCK-8 assay. (E) Overexpression of miR-7 suppressed the SMMC-7721 cell invasion.(F) The HepG2 cell invasion was detected by cell invasion assay. \*p\<0.05, \*\*p\<0.01 and \*\*\*p\<0.001.](pone.0158347.g003){#pone.0158347.g003}

Knockdown of Cdr1as promoted theexpression of miR-7 as well as its target gene CCNE1 and PIK3CD {#sec014}
-----------------------------------------------------------------------------------------------

We demonstrated that knockdown of Cdr1as could promote the expression of miR-7 ([Fig 4A](#pone.0158347.g004){ref-type="fig"}). Overexpression of miR-7 suppressed the CCNE1 expression ([Fig 4B and 4C](#pone.0158347.g004){ref-type="fig"}). In addition, knockdown of Cdr1as suppressed the expression of CCNE1 ([Fig 4D and 4E](#pone.0158347.g004){ref-type="fig"}). We also demonstrated the overexpression of miR-7 suppressed thePIK3CD expression ([Fig 4F and 4G](#pone.0158347.g004){ref-type="fig"}). Knockdown of Cdr1as inhibited the expression of PIK3CD ([Fig 4J and 4H](#pone.0158347.g004){ref-type="fig"}).

![Knockdown of Cdr1as promoted the miR-7 and its target gene CCNE1 and PIK3CD expression.\
(A) The mRNA expression of miR-7 in the SMMC-7721 cell was measured by qRT-PCR. (B) The mRNA expression of CCNE1 was detected by qRT-PCR in the SMMC-7721 cell. (C) The protein expression of CCNE1 was detected by western blot. (D) The mRNA expression of CCNE1 in the SMMC-7721 cell was detected by qRT-PCR. (E) The protein expression of CCNE1 was detected by western blot. (F) The mRNA expression of PIK3CD was detected by qRT-PCR in the SMMC-7721 cell. (G) The protein expression of PIK3CD was measured using western blot. (H) The mRNA expression of PIK3CD was detected by qRT-PCR in the SMMC-7721 cell. (J) The protein expression of PIK3CD was determined by western blot.](pone.0158347.g004){#pone.0158347.g004}

Knockdown of Cdr1as suppressed HCC cell proliferation and invasion through targeting miR-7 {#sec015}
------------------------------------------------------------------------------------------

We confirmed that miR-7expression was decreased after treated with miR-7 inhibitor ([Fig 5A](#pone.0158347.g005){ref-type="fig"}). Knockdown of Cdr1as could rescue this effect ([Fig 5B](#pone.0158347.g005){ref-type="fig"}). Inhibition of miR-7 could promote the SMMC-7721 cell proliferation, however, this effect can be abolished by shCdr1as ([Fig 5C](#pone.0158347.g005){ref-type="fig"}). Inhibition of miR-7 could promote the SMMC-7721 cell invasion, however, this effect could be abolished by shCdr1as ([Fig 5D](#pone.0158347.g005){ref-type="fig"}).

![Knockdown of Cdr1as suppressed the HCC cell proliferation and invasion through targeting miR-7 expression.\
(A) The expression of miR-7 in the SMMC-7721 cell was determined by qRT-PCR. (B) The expression of miR-7 was measured by qRT-PCRinthe SMMC-7721 cell. (C) Cell proliferation was detected by CCK-8 analysis in the SMMC-7721 cell. (D) The cell invasive ability was measured by invasion assay in the SMMC-7721 cell. \*p\<0.05, \*\*p\<0.01 and \*\*\*p\<0.001.](pone.0158347.g005){#pone.0158347.g005}

Discussion {#sec016}
==========

In this study, we demonstrated that Cdr1asexpression was upregulated in HCC tissues compared with the adjacent non-tumor tissues. Among them,Cdr1as expression was upregulated in 74% (26/35) HCC tissues compared with their adjacent non-tumor tissues. MiR-7 expression was downregulated in HCC tissues compared with adjacent non-tumor tissues. Interestingly, the expression level of miR-7 was inversely correlated with the expressionlevel of Cdr1as. Knockdown of Cdr1as suppressed the HCC cell proliferation and invasion. Overexpression of miR-7 inhibited HCC cell proliferation and invasion. We confirmed that overexpression of miR-7 could suppress the expression of CCNE1 and PIK3CD. Knockdown of Cdr1as suppressed the expression of miR-7 and also inhibited the CCNE1 and PIK3CD expression. Furthermore, knockdown of Cdr1as suppressed HCC cell proliferation and invasion through targeting miR-7. These data suggested that Cdr1as acted as an oncogene partly through targeting miR-7.

Recent study showed that Cdr1as (also namedas ciRS-7) was theinhibitor and sponge of miR-7 in the embryonic zebrafish \[[@pone.0158347.ref019]\]. Ectopic expression of Cdr1as induced midbrain brain defects, which was similar with the phenotypes found in the knockdown of miR-7\[[@pone.0158347.ref019]\]. Xu et al\[[@pone.0158347.ref030]\]. demonstrated that Cdr1as expression was upregulated in islet cells after treated with PMA stimulation or long-term forskolin through targeting PKC and cAMP pathways. Overexpression of Cdr1as promoted insulin secretion and content in islet cells. However, the expression and role of Cdr1as in the development of HCC are still unknown. In this study, we found that the expression of Cdr1as was upregulated in HCC tissues compared with the adjacent non-tumor tissues. Among them, Cdr1as expression was upregulated in 74% (26/35) HCC tissues compared with their adjacent non-tumor tissues. We also confirmed that the expression level of miR-7 was downregulated in HCC tissues compared with the adjacent non-tumor tissues. Furthermore, the expression levelof miR-7 was inversely correlated with the expressionlevel of Cdr1as.

We further demonstrated that knockdown of Cdr1as suppressed the expression of miR-7. Previous studies demonstrated that miR-7 acted as a tumor suppressor gene in HCC \[[@pone.0158347.ref031]--[@pone.0158347.ref034]\]. For example, Fang et al\[[@pone.0158347.ref031]\]. demonstrated that overexpression of miR-7 suppressed HCC cell proliferation and metastasis both in vivo and in vitro through targeting phosphoinositide 3-kinase catalytic subunit delta (PIK3CD). They also found there was a negative correlation between PIK3CD and miR-7 expression in HCC tissues. Ma et al\[[@pone.0158347.ref033]\]. found that the expression of miR-7 was decreased in HCC tissues compared withthe non-tumor tissues. Ectopic expression of miR-7 suppressed HCC cell colony formation and induced cell arrest in the G1/S phase through targeting Cullin 5 (CUL5). Furthermore, Zhang et al\[[@pone.0158347.ref034]\]. showed that overexpression of miR-7 arrested HCC cell cycle at G1 to S phase through inhibiting CCNE1 expression. In line with this, we found that miR-7 expression was downregulated in HCC tissues and overexpression of miR-7 suppressed HCC invasion and proliferation. MiR-7 overexpression suppressed the expression of CCNE1 and PIK3CD. Knockdown of Cdr1as suppressed the expression of miR-7, as well as the expression of CCNE1 and PIK3CD. In addition, knockdown of Cdr1as suppressed the HCC cell proliferation and invasion through targeting miR-7.

In conclusion, we demonstrated that Cdr1asexpression was upregulated in HCC tissues compared with the adjacent non-tumor tissues. The expression level of Cdr1as was inversely correlated with that of miR-7 in HCC tissues. Knockdown of Cdr1as suppressed HCC cell proliferation and invasion. These data suggested Cdr1as acted as an oncogene partly through targeting miR-7 in HCC.
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